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Fig. 2.-The Colony Hous used in exp rim ents, showing trap nests ope n-
ing at the rear. 
F'ig 3.-"No moisture" and "moisture" chicks, showing relative numbe r of 
chicks hatche d by "each m e thod. Those on left show numbe r 
hatched without moisture, those on right with moisture. 
Fig. 4-Partial view of Incubator Room, showing piping for conducting 
lamp fumes away from incubators and out of room. 
Fig. 5-Top of In cubator, showing gravimetric method of dete rmining car-
bon dioxide and moistur. un-Tub of calcium chloride which 
absorbs any moisture in the a ir. bb-Bulbs of potassium hydro-
xide solu tion which absorbs the carbon dioxide in th a ir from 
th in ubator. 
Fig. 6-Drawing air from nests of s tting hens, showing volumetric method 
on the right and gravimetric method on the left. 
Fig. 7-Supplying carbon dioxid e to incubators. See page ~30. 
Fig. 8-Hygrometer used in each machine for relative humidity determina-
tions. 
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POULTRY EXPERIMENTS 
By James Dryden. 
This bulletin contains reports of experiments on: 
I.-Housing as it is affects 
a. Fertility of egg. 
b. Egg yield. 
c. Size of egg. 
2.-Artificial Incubation. 
a. Effect of supplied moisture. 
b. Carbon dioxide as a factor in incubation. 
There are many problems connected with the housing of 
poultry. Among them the question of egg fertility is one of the 
most important. We have begun investigations at this Station 
to learn if possible what kind or method of housing is most con-
ducive to a high percentage of fertility in the eggs. It is a seri-
ous question with many poultrymen how to maintain the per-
centage of fertile eggs, and there have been cases where the 
poultryman has been driven out of the business because of 
inability to renew his flock. There is little doubt that the 
artificial methods, both in housing and raising, under which 
modern poultrymen conduct their business are largely responsi-
ble for the great losses in the business. The evidence is very 
meager showing that the domestic fowl can retain her constitu-
tional v igor under highly artificial conditions. Artificjal methods 
of housing are usually found in connection with artificial methods 
of hatching and raising, and it was for this reason that we 
planned our experiments in both housing and incubation. 
The experiments involve four different methods of housing. 
The large poultry house shown in Fig. 1 is made up of three 
different sections. The first is artificially heated; the second 
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is the same as the first but not heated ; the third is an open-front 
house. In addition we are testi.ng the colony house system. An 
illustration of the colony house used is shown in Fig. 2. It 
has been thought well to include in this bulletin a report of 
results secured to date. 
The work on artificial incubation reported herein is a con-
tinuation of that reported by the writer in Bulletin 92 of this 
Station. These investigations were begun primarily with the 
object of determining the cause or causes of the losses in artificial 
incubation, the complaint of incubator users being that many 
eggs fail to hatch though they contain. fully developed chicks. 
Many explanations are given as to the cause. It is claimed by 
some that it is due to a Tack .of vigor in the fowls that laid the 
eggs, others claim that it is due to faulty incubation, while others 
ascribe the trouble to inherent faults in the incubator itself. Our 
investigations relate chiefly to ventilation and humidity condi-
tions of incubators. 
It was found in the former tests, as reported in Bulletin 
No. 92, that the average loss in weight of eggs in all the incubator 
tests was 18.4 per .cent. in eighteen days, while under hens the 
average of all tests was 15 per cent. loss. 
These results suggested the experiments on moisture which 
are reported in this bulletin. 
One theory that had wide support was that the lo,ss in 
incubation was due to an excessive accumulation of carbonic 
acid gas in incubators. This led this Station several years ago 
to make carbon dioxide determinations in incubators and under 
setting hens. The results showed that the carbonic acid theory 
was wrong. As reported in Bulletin No. 92, "the average of 
all the analyses shows 20.68 parts by weight of carbon dioxide 
in 10,000 parts of air. drawn from incubators, while the air 
drawn from under the' hens during incubation shows an average 
of 43.63, more than double the amount contained in the air of 
the incubators." 
To further check these results a great many additional de-
terminations were made by the Chemical department during th~ 
present year. They ·are given in later pages. 
These results suggested a question as to the real function 
of carbon dioxide in incubation and an experiment was planned 
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to show the effect of increasing artificially the amount of carbon 
dioxide in the incubators. 
The report on incubation contains data and discussion or 
the same ·on the following subjects: 
I.-Is supplied moisture necessary, and if so, how much is 
needed? 
2.-Effect of moisture on hatching and on weight of chick. 
3.-Rate of evaporation of eggs during incubation . 
.4.-Natural humidity in incubators and under sitting hens. 
5.-Amount of carbon dioxide in incubators and under hens. 
6.- Effect of an , artificial supply of c'arbon dioxide in incu-
bators. 
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Housing and Egg Fertility. 
The tests on fertility and egg yield were started December 
1, 1907. Fifty white Leghorn pullets were divided into four 
lots as follows: 
Pen 2.-10 fowls-Artificially heated in winter. 
Pen 14.-10 fowls-No artificial heat. 
Pen 26.-10 fowls-In open front house. 
Colony house.-18 fowls-In colony house and on free range. 
Pens 2, 14 and 26 are each 10xlO feet with outside yards 
10x1OO. The fowls had access to the yards every day during 
the winter and for se~eral weeks when snow was on the ground 
were given no water. They apparently did not suffer from the 
eating of snow or the lack of water. In fact it was remarked 
by the foreman that he did not think the fowls had been healthier 
in any previous winter. The fowls in the colony house had no 
water when there was snow on the ground. The colony house 
was 6x8 feet in size and single boarded. A cloth curtain tacked 
on to a fra·me hinged at the top took the place of a window. 
There was no floor in the house. The winter was milder than 
usual for this section, the lowest temperature recorded being 
13 degrees below zero. The fowls came through the winter in 
good condition with practically no frosting of combs. There 
was no sickness,. the only trouble being during one night in a 
high wind when the house turned several somersaults down 
the hill, killing three of the fowls. Later the houses were staked 
to the ground. 
The lowest temperature in the main house was as follows: 
Pen 2 ........ Jan. 30, Feb. 32 Pen 26 ........ Jan.21, Feb. 25 
Pen 14 ....... :Jan. 26, Feb. 32 Colony house .. Jan. 14, Feb. 29 
Two cockerels were mated to colony house pullets and 
pen 14, and two others to pens 2 and 26. They were changed 
between the two pens every three or four days. 
Table No.1 gives the fertility of the eggs from the differ-
ent house;; as shown by the incubator record, also the percentage 
of fertile eggs hatched. Pen 14 shows slightly better fertility 
than the colony house, though the difference is small. The same 
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males were used in pens 2 and 26 and the record~ ::;how the same 
fert ility in each. The question of moisture in the incubators 
affecting the fertility as shown by the tests will be discussed in 
a nother part of this bulletin, but it should be mentioned here 
that the incubators having the maximum amount of moisture 
showed an average for all houses of 76 per cent. fertility ; those 
having the nledium moisture 72 per cent. ; and no moisture 67 
per cent., showing that the methods of incubation are responsible 
in part for eggs tested out as infertile. 
The average temperature taken at 7 :30 a. m. was as follows : 
Jan. Feb. 
P en 2 ...... . . . . ... . ...... .. . . . ... . ... 40.6 44 
-Fen 14 .. . . . ...... .... .... .... . ... . : . .. 36.4 41.4 
Pen 26 ... . ................ ... ........ . 32.7 40.6 
Colony house .. . .... . . . .... . .. ... ... . .. 32.9 40.3 
It will be noted that very little artificial heat was given to 
the heated section, the aim being merely to take the chill off the 
]louse and prevent dam pnes . 
Weight of Eggs. 
That the size of the egg is influenced by conditions under 
which the fowls are kept was shown by this experiment. The 
eggs were weighed at different times and the table shows the 
a verage weight per dozen eggs from the fowls kept under differ-
ent conditions of housing. As has been stated, the fowls were 
White Leghorn pullets, selected from the same flock and of 
the same age and divided evenly among the differt:nt pens. 
T hey were all fed alike a dry ration with a stated amount 0f 
fresh cut butchers' scraps three times a week. , Having free 
range, however, the colony house fowls undoubtedly picked up 
food which was not available to the fowls confined in yards. 
The discovery as to the difference in the weight of the eggs 
came as an incident of the experiment. It was not part of the 
regular plan of the experiment on, housing, and the records do 
not show whether it was the food or the method of housing that 
is responsible for the difference in the weight of the eggs. 
The important point brought out is that 'the size of the 
egg is 'influenced by factors under the control of the poultryman. 
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TABLE NO. 1. 
Fertility. 
I I' Percent. 
1 
P e r cent Fertile 
Fertile Eggs. Egg-s Hatched. 
Date Set. ci ~ Z M ~ I ::s >. c<i ~ >. ~ cO .ci ...., ~ ~ ~ c-;i ~ C<I ::s III 0 0 C) '0 '0 ~ ~ '0 ~ ~ ~ ~ ~ <l) <l) <l) <l) <l) H 0 ~ ~ 0 ~ ~ ~ 
March 23· ···· ····· · ···1 2 I Max·1 80 192 I .. I 92 .. I .. I .. I . . 
March 23 .. · · ·· · ··· ·· ···1 4 ,None·1 73 77 1" I 81 42 I 15 1 . . 1 38 
March 23. ·· · ·· ·· ··· · · ··1 61 Med. 86 81 .. I 77 52 I 43 . . 50 
March 25· .. · · ·· · · ·· : · .. 1 3 Max. .. . . 86 . . .. I .. I 79 
March 25 . . .. . . .. ·.·· · ·· 1 5 None' l .. .. 72 .. . '1 " I 38 
March 25 · · ··· · ·· · ·· · ··1 7 I Med. 89 . . 4'2' ' 0' 1 608 
May 6 . . . .... , .... . .. . .. 1 3 INone·1 67 44 80 53 
May 6 .. ...... . .... . . ... \ 4 \ Max. I 81 I 11 80 53 47 1 25 I 42 
May 6.... .. .. .... ...... 5 Med. I 75 I 61 74 47 79 27 I 64 
May 6 ...... ' .. . ... . . .. . 1 6 IN one·1 56 72 60 68 35 31 I 44 
May 6 ..... ·· · · .. · ·· . .. . 1 7 \Max. 1 86 67 1100 74 43 1 31 I 53 
May 6. . .. .... .. . . . ..... 8 Med·1 58 67 I 73 79 62 80 64 
April 30 ... .. . ..... . ... 12 I Mois. 44 88 72 56 19 I 45 67 
April 30 .. . ....... . . . . '1 13 IN one. 47 44 72 I 72 24 9 50 
May 23 . . . ... ........ ... 12 None. 39 72 71 1 68 29 I 26 26 
May 23 . . .... . . .. ...... 13 Mois. 56 I 77 61 60 I 45 I 58 61 
June 1.. . . ... . . .. . .. .. .. 3 Max. 75 I 92 80 82 .. I . . 
40 
70 
67 
54 
79 
87 
64 
33 
37 
38 
June 1. .... . ........ ... . 4 Max. 86186 87188 I . . I . . I 
June 1... .......... ... .. 5 Max. 78 86 I 73 65 II .. I .. I .. 
Average .... ··· ..... .. . 1 .. I .... 74 70 I 77 70 II 43 I 33 50 55 
NOTE :-1n the column headed "Moisture," "Max." means the 
maximum amount of water put into the incubator; "Med." the medium 
amount which was usually half the maximum; and "None" indicates 
that no moisture was supplied. 
TABLE NO.2. 
Average Weight of Eggs. 
Per Doz., 
Ounces. 
Colony hou e . ............ : . . .. . ....... 25.3 
Pen 2 · ... . .. . ................... . ..... 23.4 
Pen 14 ... ....... .. . .. . ................ 23.5 
Pen 26 ................... . .. . , ........ 22.5 
Per Egg~ 
Ounces. 
2.15 
1.95 
1.96 
1.89 
Table No.2 shows that the eggs from the colony house 
fowls were about 10 per cent. heavier than those from the 
otJ"ler fowls. There was practically no difference in weight of 
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egg from the different sections of the main house. Eleven eggs 
from the colon.y house weighed as much as a dozen from the 
oth er pens. 
Housing and Egg Yield. 
T he egg records extend from December 1, 1906, to June 20~ 
1907. T he average yield per fowl was as follows: 
Colony 
House. 
December 1 to June 20 .... . .... 101 
Dec., Jan. , Feb. and March ..... 42 
pril , May, June. · ........... . .. 59 
Pen 2 Pen 14 Pen 26 
91 77 97 
45 33 46 
46 44 51 
T he record of y ield is in favor of the colony· house on the 
whole. In the fout coldest months pen 2, artificially heated, and 
pen 26, open-front pen, laid most eggs. It was noticed that dur-
ing zero weather the laying in the colony house was more 
quickly. checked than in the warmer pens. The fowls in all 
pens w ere apparently in good health throughout the test, except 
th at one hen died in pen 14 on May 7. A record of the weights 
of the fowls at the beginning of the period could not be found. 
On January 2nd the average weight of th,e colony house hens 
was 3.45 lbs. each ; of pen 2, 3.14 lbs. ; pen 14, 3.05 ; pen 26, 2.96. 
At the end of period the weights were: Colony house, 3.47 ~ 
pen 2, 3.16 ; pen 14, 2.96 ; pen 26, 2.86 lbs. As the weights at 
th e beginning of the period were practically the same for ·all 
pens the later weighings would indicate higher vigor in .thl> 
colony house fowls. 
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INCUBATION EXPERIMENTS. 
Incubation investigations have been continued during the 
past winter and spring in co-operation with the Chemical Depart· 
ment. Two different makes of incubators were used, thirteen 
in number, and they were run in another incubator cellar than 
was used in the former experiments. The c~llar is a half base-
ment, 15x20 feet , 70 feet to ceiling, under the feed and' work 
rooms of the main poultry house. The floor is of cement and 
the walls stone and plastered. The cellar is ventilated by a 
shaft running from the floor up to the attic, and also by the 
windows, the top sash ot each of two windows being lo\yered 
and cloth tacked in its place. The basement door was usudlly 
open during the day. The fumes from the incubator larnp=, 
were conducted into two-inch pipes. These pipes were con-
nected with a five-inch pipe near the ceiling which opened ill to 
the ventilating shaft. Very little odor was noticeable from the 
lamps. The illustration (Fig. 4) will show fairly well 'the 
arrangement of these pipes, In this way complications thCl.t 
might result to our experiments from lamp fumes were avoided. 
The experiments reported were made with two different 
makes of incubator.s, Nos. 1 to 11 inclusive are of one make, 
and 12 and 13 of another. They were all of the same capacity, 
or about 140 eggs each. Both makes are heated by the hot air 
diffusive .system, and are standard machines. 
Nos. 1 to 8 inclusive, and 12 and 13 were operated in the 
incubator cellar. There were two other machines of 240 egg 
capacity operated in the same roo·m. Nos. 9, 10, and 11 were 
operat~d in an upstairs room. No. 1 had attached to the lamp 
heater a small tank for water and the tests recorded were made 
with water in this tank. 
Evaporation and Moisture. 
Tests were started in March, 1907, with a view to determin·· 
ing whether supplied moisture in the incubator is necessary, and 
if so, how much is necessary. Nine incubators were used in 
the first test. The machines were all of the same make and size. 
Six of them were operated in the basement described above, 
and three in a room upstairs. They were run in three sets, three 
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machines in each set. In each set one machine was run with 
no moisture, one with a medium amount of moisture, and one 
with a large amolmt of moisture, or double the amount of tha:: 
getting the medium amount. In this way each machine was 
checked by two others. Great care was taken to make the C01l-
ditions in each set the same except on the point of moisture. 
Each set of three machines had the same kind of eggs. The egg . ., 
were from different flocks, but the same number from each floc1{ 
or pen was put in each ma~hine. They were also divided equally 
as to ages. The eggs used in thes.e tests were from the fowls 
described in the experiments on housing. For further particulars 
in regard to the fowls, the reader is referred to those experi-
ments. The moisture was supplied by' pouring water on a tray 
of sand. under the egg tray, the tray covering the entire bot-
tom of the incubator. In the machines without moisture a simi-
lar tray of dry sand was kept under the eggs. 
Table No. 3 gives the results of the first test started on 
March 23, 1907. This table shows fn;>m which pens of fowls 
the eggs were secured, the number of eggs set from each pen, the 
number of infertile eggs and dead germs from each . pen, th . .:! 
number of .. chiCks hatched, chi~ks dead in the shell, ann 
per cent. of eggs fertile, these data being given for each 
machine and each pen of fowls. The eggs were tested 
for fertility on the sixth and twelfth days of incubation 
except for the tests beginning on March 25, when the tes t 
was made on the twelfth day. The eggs tested out on the 
sixth day are called "infertile," while those tested out on th l.:: 
twelfth day were put down as "dead germs," the germ showing 
dead at the second test. The data for "percent. hatched" means 
the per cent. hatched of the eggs left in the machine after the 
second test. Incubators 9, 10, and 11 were operated in an up-
stairs 'room , all the others being in the basement. The follow-
ing gives the number of chicks hatched in the first test under dif-
ferent conditions of moisture: 
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Maximum Medium No 
Moisture. Moisture. Moisture. 
First Test .................. 61 52 41 
First Test ........... . ...... 80 61 41 
First Test ................... 88 80 39 
Total ....... ........... . 229 193 121 
The second test was .started May 6, 1907. To eliminate any 
possible difference in the machines in effectiveness of hatching-
those that had no moisture in the first test had moisture in the 
second test, as will be seen by reference to the incubator num-
bers, each machine retaining its original number throughout-all 
the tests. In the second test, machine :No.8 was substituted for 
No.2, there being no difference in the two machines. There 
were six machines used in this comparison. Nos. 3 and 6 had 
no moisture, 4 and 7 maximum moisture and 5 and 8 medium. 
Besides the moisture test, another test was involved, that of 
carbon dioxide. which will be discussed later. Incubators 3, 4 
and 5 had a uniform current of carbon dixoide run into them to 
test its effect on hatching. 
Table No. 4 gives th~ results of the second moisture test. 
The following is a summary of the hatches: 
Maximum Medium No 
Moisture. Moisture. Moisture. 
Second Test ................ 47 54 21 
Second . Test . ............... 53 62 36 
Total ... ' ................ 100 116 57 
Table No.5 gives the results of a test with two machines, 
of the same make as those used in first and second tests except 
that No.1 has a small tank around the heater lamp for holding 
water. This water is evaporated by the heat frqm the lamp antI 
passes into the egg chamber. This machine was used to leat'n 
if a more moist condition of the air in the egg chamber than was 
possible in other machines- would not still further aid the 
hatching. 
Incubators 10 and 11 were run again in the upstairs room, 
and results appear in Table No.6. Table No. 7 gives the 
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results of two tests with two machines of different makes. In 
the first test, started on April 30, in incubator No. 12, there 
was a small pan of wet sand with approximately one-fourth ot . 
the surface of the tray used in the other machines. In the 
second test No. 13 had two such trays of wet sand. 
It will appear by a study of these tables that nearly a hun-
dred per cent. better hatches were obtained by the use of mois-
ture, and there was no contradiction in all of the tests, though 
there was still room for improvement. 
A record of temperature of the incubator and of the room 
was made three times a day. It is not thought necessary to in-
clude this record, which is. very lengthy. The temperature was 
kept as near as possible at 103 near the top of the eggs, and jt 
seldom varied more than one degree high or low in any machine 
except near the end of the hatch when it usually ran up to 105. 
The temperature of .the room during . the first hatch aver- · 
aged at 7 a. m. 55 degrees, with a range of from 67 to 45 degrees 
during the three weeks succeeding March 23. During the sec-
ond' test the average temperature at 7 a. m. was 64 uegrcl'5, 
with a range of 71 to 58. The upstairs 'room averaged 50 de-
grees in the first test with a range ~f 60 to 48. During the' s~c­
ond test the average temperature was 62 with a range of 66 to 54. 
Relative Humidity. 
After May 6 the relative humidity was taken in ~ll · ma-
chines by means of an accurate hygrometer made especially for 
us'e in these experiments. This is a wet and dry bulb 111'itru-
ment with scale cut down to 70 to 110 degrees F. It stands per-
pendicularly on a base of wood which brings the bulb to ah0ut 
the top of the eggs. By this hygrometer, which is illnstratC'n 
in Fig. 8, a complete record of the relative humidity of' each 
machine was obtained, there being an instrument in each incu-
bator. The readings were taken without fanning and they show 
a higher relative humidity than they would if the bulb had 
been fanned. It is known that the air near the wet bulb under 
conditions like these is liable to become stagnant and moist from 
the water that evaporates from the bulb, and the readings with-
out fanning will therefore show a hiO'her relative humidity close 
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to the hygrometer than at a distance from it. At the Ontario 
Experiment St?-tion tests were made to discover the difference 
in wet bulb readings in incubators due to fanning. The follow-
ing shows the average relative humidity of incubators deter-
mined in both cases: 
With 
Fanning. 
\ et lVIachine .................... 60.5 
Dry Machine .... . ............... 39.0 
Without 
Fanning. 
74.8 
47.6 
However, for the study of our experiments and for pur-
poses of comparison the readings will be found to be valuable. 
These readings were taken three ·times a day. Table No.8 
gives the average relative humidity for each machine and for the 
room at 7 a. m., 12 m. and 6 p. m. The same table shows the 
amount of water put into the moisture machines during the 
hatch. The "no moisture" machines show a relative humidity 
of about 51 degrees, and the moisture machines about 57 degrees. 
Table No. -, giving a comparison between the wet 'and 
dry bulb and gravimetric methods of determining the relative 
humidity, needs an explanation. The relative humidity was 
determined by the hygrometer without fanning the bulb. Had 
the wet bulb been fanned the relative humidity should agree 
with the determination by the gravimetric method. 
Weight of Chicks. 
The chicks were weighed when taken out of each machine. 
It was found that the weight of the chick varied with the method 
of hatching. The following gives the average weight of chicks 
hatched with maximum amount of moisture, no moisture or me-
dium moisture, also the average of hen-hatched chicks: 
! f 
Nlaximum Moisture, per chick ........... .-i.844 ounces 
Medium Moisture, per chick." ......... ,,1.159 ounces 
No Moisture, per chick .. , .. , . , ... , ..... ,1.072 ounces 
Hen-hatched, per chick .. , ..... ,',.,", .. 1.258 ounces 
As the moisture was greater the chicks hatched heavier, the 
maximum moisture chicks averaging about 10 per cent. heavier 
than the "no moisture" chicks, Chicks hatched by hens averaged 
TABLE NO. 3. 
Set Mar 23 '07 Incubator No.2. Incubator ·No. 4. II Incubator NO.6. 
. , . Max. MOisture. No Moisture. Medium Moisture. 
Eggs from Pen . . . .. .. .. . ... ........ . ... ·ICol.l 2 I 26 I 31 ITtl·IICo1.1 2 I 26 I 31 ITt'1. II Col·1 2 I 26 I 31 I 
Nun1ber set ............. . . . . ... . .. . . . .. . ... . . 69 
Infertile .. . ... . ...... . .. .. . . . . .. . ... ... .... . . . 9 
Dead germs . .. ... ... . . . . .. ... .. . . . .. . .. .. . . .. 5 
Chicks hatched ... .. ... . .......... .... .. . . . . .. 
· . 
Dead in shell .......... . .... . . . ... . . . .. . . .. .. . 
· . 
Per cent. hatched ................ : . .... . .. .... 
· . 
Per cent. eggs fertile .. .... . ..... . . .. . . ........ . 80 
Set Mar. 25, 07 . 
26 26 15 136 69 
1 2 1 
1 
· . 
1 
. . · . 
. . 
. . 
· . 
.. 
9? 92 87 
Incubator N o. 3. 
Max. Moisture. 
13 9 
7 10 
61 21 55 r9 53 42 
85 73 
26 26 15 136 
2 2 1 
4 3 1 
3 8 9 
17
1
13 4 
15 38 69 
77 81 87 
Incubator NO. 5. 
N o Moisture. 
14 
18 
41 
63 
39 
76 I 
/69 26 26 15 136 10 2 2 2 16 
9 3 4 1 17 
26 9 10 7 52 
24 12 10 5 51 
52 43 50 58 50 
86 81 77 80 76 
---
II Incubator No.7. Medium Moisture. 
Eggs from pen . ...... .. ........ .... .... 1 4 I 6 I 14 I 16 ITt1. 11 4 I 6 I 14 I 16 ITtl11 4 I 6 I 14 I 16 IT1 
Number set . .... .. .. . ...... . .... . ....... .. ... 36 33 . 28 34 \131 \ 36 33 28 I 34 131 36 33 28 34 131 Infertile eggs and dead germs ..... . .... ..... .. 4 8 4 6 22 5 1 7 2 15 7 3 3 6 19 
Chicks hatched .. .. .. . .. . .... . ... .. . . . . . ..... . 25 18 19 18 80 12 8 8 13 41 18 17 15 11 61 
Dead in shell ...... ........ .. .... . ... . .... . ... 7 7 5 10 29 19 24 13 19 75 11 13 10 17 51 
Per cent. hatched . . . .. .. .. . ................. . . 78 72
1
79 64 73 \ 39 25 38 41 35 62 57 60 40 54 Pent cent. eggs fertile .. .. . . ....... . ....... · ... 89 76 86 82 84 86 97 72 91 89 I 81 88 89 82 86 
Set Mar. 25, '07 Inc ubator . No. 11. Incubator No . 10. II Incubator Max. Moisture. No Mois ture. No .. 9, Med. MOIsture 
Pen No. ······.··.· · .·.· ·. · · . · · ... . . ... 1 32 I 20 I 21 I 7 I 27 IT' tl'·11 p2 I 20 I 21 I 7. I 27 ITtll1 8 I 18 ITl 
N umber eggs set. . .. . . . .... .. ........ ... . .. . .. 57 46 11 18 9 141 I 57 46 11 18 9 141 98 52 150 
Infertile eggs and dead germs ... .. ..... . : ... . 5 3 8 6 1 23
1 
9 7 6 5 3 30 6 7 13 
Chicks hatched . ... ......... . . . . ... ... . . ... .. . 35 33 3 10 7 88 20 12 2 0 5 39 54 26 80 
Dead in shell ......... . ................ . . . .. . . 17 10 0 2 1 30 28 27 3 13 1 72 38 19 57 
Per cent. hatched .... .. ... ' . .. " " . .. . ........ "/ 68 75 1100 83 88 I 75 /1 42 I 31 40 0 35 59 58 58 
Per cent e[~~~Ltl!e ~ ....... . . .... ..... .. ..... I 91 94 27 67 89 .. I 84 85 45 73 67 .. 11 94 87 I 91 
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TABLE NO. 4. 
Set May 6 '07 . II Incubator No 3 No MOist';1de. and II lncubator No 4 Max. Moist~re. and 
, . , Carbon DIoxIde ' . . Car bon DIoxIde 
Pen No. . ... . . . ....... II Col.l 2 I 14 I 26 I 31 I 20 I 30 I 32 IT't~I 'I Col · 1 2 I 14 I 26 I 31 I 20 I 30 I 32 ITl_ 
Number eggs set. . ... . . .. .... . . 1 36 18 15 19 18 1G 7 10 139 36 18 15 19· 18 I 16 7 
Infertile . . . . ...... ... .. .. .. .. ... 12 8 3 7 .4 4 2 1 41 6 14 2 . 8 1 3 a 
Dead germs . ....... ' ............ a 3 a 2 3 3 a 4 15 1 2 1 1 1 1 1 
Chicks hatched .. ... . . . . . . ...... 10 a 1 4 3 1 2 a 21 14 1 , 5 7 8 7 3 
Dead in shell .... . . . . . . . . ... . ... 14 7 11 6 8 8 3 5 62 15 1 7 3 8 5 3 
Per cent. hatched . . . .. ..... . . . .. 42 a 8 40 27 11 40 a 25 47 25 42 70 50 58 50 
Per cent. eggs fertile .. .... . . .... 67 44 80 53 61 I 56 71 50 61 81 11 80 53 89 74 86 
---- - ---- ---- --- -- -- -- -
Set May 6, '07. 
II I 
Med: Moistrde and II .' n c ubator No.5. Corbon Dioxide Incubator No.6. No MOIsture. 
10 
a 
1 
2 
7 
22 
90 
13 
3 
4 
4 
4 
6 
9 
4 
9 
7 
9 
9 
D 
Pen No ......... . ...... IICol., 2 I 14 , 26 , 31 , 20 I 30 I 32 1T't'l Il Col·1 2 I 14 I 26 , 31 ·1 20 I 30 I 32 ITl 
Number eggs set . .. . .. .. . . . . .. . 36 18 15 19 18
1
16 7 10 139 36 18 15 19 18 , 16 7 10 139 
Infertile ... ... . .. . . . . ......... .. 8 5 2 6 2 1 a 1 25 9 2 5 3 a 2 a 5 26 
Dead germs ............... '" .. 1 2 2 4 5 3 1 1 19 7 3 1 3 5 2 a 1 22 
Chicks hatched ... . . . .. . .... .. .. 19 3 7 6 6 3 5 5 54 7 4 4 7 4 6 4 a 36 
Dead in shell . ...... . .... . . .. . .. . 8 8 4 3 5 9 1 3 41 13 9 5 6 9 6 3 4 55 
Per cent. hatched ............. . . 79 27 64 67 55 25 83 63 47 35 31 44 54 38 50 57 a 39 
Per cent. eggs fertile . .... . ... .. 75 61 74 47 61 75 86 80 68 56 72 60 68 72 75 100 40 66 
Set May 6, ' 07 . IJ Incuba~o~~-:.-~ Max. Moisture. 11 Incubator No.8. Medium Moisture. 
Pen No . .. -. ....... ..... IICol ., 2 I 14 I 26 , 31 i 2.0 I 30 I 32 1T't'IIlCol·1 2 I 14 I 26 I 31 I 20 , 30 I 32 ITI 
Number eggs set. ... . . . ........ 36 18 15 19 18 16 7 10 139 36 18 15 19 18 16 7 10 139 
Infertile . . ......... . . . . .. . ... . .. 9 5 a 2 2 2 a 2 22 12 6 4 2 2 3 a 2 31 
Dead germ's .. ... . .. .. . .... .. . . .. 6 1 a 3 3 a a a 13 3 2 a 2 5 3 a 1 16 
Chicks hatched .. . .. . .. . .... . . . . 9 4 8 11 8 6 2 5 53 13 8 7 13 · · 6 4 6 5 62 
Dead in shell .. . .. .... . . .. . . ... . 12 8 7 3 5 8 5 3 51 8 2 4 2 5 6 1 2 30 
Per cent. hatched .. ..... . ..... . . 1 43 31 53 79 62 43 29 63 , 51 62 / 80 64 87 / 55 40 86 71 67 
Per cent. eggs fertile . . ... . ..... . 86 67 100 74 72 88 77 I 80 I 72 58 67 73 79 61 62 100 70 66 
~ 
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TABLE NO. S. 
, I In ubator No. 1. 
Se t May 11, '07, Moisture Max. 
and Lamp Tank. /I 
Incabtr. NO.2. 
Max. Moisture. 
Pen No. ··· ·1 32 1 20 I 30 I 21 1 31 IT't'l ll 32 I 20 I 30 I 21 131 1T'l. 
Number set ' ... .. 41 11 8 30 10 100 I 41 11 
8 1
30 I 8 98 Infertile ..... .... 2 a 2 11 a 15 5 a a 17 a 22 
Dead germs ..... 4 a a 9 a 13 a a a 4 3 7 
Chicks hatched .. 25 7 6 4 6 48 15 5 5 5 5 35 
Dead in shell .... 10 4 a 4 a 34 6 4 1 24 21 6 3 
Per ct.. hatched... 71 64 100 40 60 67 42 46 r 63 56 100 51 
Per ct. eggs fertilel 85 1100 I 75 I 33 1100 I 72 " 88 1100 100 30 63 70 
TABLE NO. 6. 
Set May 14. f Incubator No. 10. II Incubator No. 11. 
Max. Moisture. No Moisture. 
Pen , ··· . .. ·· .. · · . . ... ... ..... 1 12 I 24 I 17 1T't'11l 12 I 24 I' 17 IT't'1 
Number set ··· · ····· · · ·· ·· · ·· · ·· · 1 52 I 36 I 21 1109 I 52 I 36 I 21 109 
Infertil e ··· · ·· ·. · . .. ·.·· . ........ 1 5 161 6 27 8 I 18 9 35 
Dead germs . · .· · ..... · .. ... . ..... 1 8 4 6 I 18 I 10 3 1 10 23 
Chicks hatched . . . .. . .. .. ... .... .. 2,6 7 5 38 8 8 a 16 
D ead in shell. . . . ...... . ..... .. ... 13 9 1 4 26 26 7 I 2 35 
P er cent. hatched ...... .. ...... · .. 1 67 44 56 59 22 53 I a 31 
P er cent. eggs fertile ....... . ...... 1 75 44 43 68 65 I 42 10 47 
TABLE NO. 7. 
Se t April 30, '07 [Incubator No. 12 Moisture II Incuba tor No. 13 No Moisture 
Pen No . . .. · ICol. l 21 I 26 I 14 I 2 1T't'IIlCol.l 21 I 26 I 14 I 2 1T't'1 
Number set. . ... 36 I 20 1 25 1 25 1 25 1131 1 36 I 20 25 I 25 1 25 131 Infertile eggs ... 15 17 9 1 4 I 0 45 1 16 12 5 I 5 7 45 Dead germs .. .. 5 1 1 2 1 3 3 14 3 · 3 21 21 7 17 
Chicks hatched . 3 2 I 9 12 10 36 4 2 1~ I 91 1 22 Dead in shell ... 13 0 I 5 6 1 12 36 1 13 3 9 10 I 47 
Per ct. hatched . 19 1100 64 67 I 45 50 I 24 40 33 I 50 I 9 I 32 Per ct. eggs fer'e 44 10 I 56 72 88 63 I 47 25 72 72 44 53 
Set May 23, '07 I 
Incubator No. 12 fl Inc u bator 
No Moisture ,Moisture 
ICol·1 2 I 14 I 26 1T't'll/Col.l 2 I 14 I 26 1T't'1 
Infertile ........ . ..... ,.1 3~ 4~ I 3~ I i? 1 1~b 1 36 I 43 I 38 I 40 1157 9 I 7 112 I 10 1 38 Dead germs .... .. .... .. 15 7 I 4 2 28 7 3 31 6 19 Chicks hatched .. .. .. . , .. '4 8 I 7 10 29 9 19 14 9 51 
Dead in shell .. '.' . . . . . . .. 10 23 I 20 17 70 11 14 9 15 49 
Per cent. hatched ... .. . , . 29 26 26 1 37 29 1 45 58 61 I 38 51 
Per cent. eggs fertil e. , . . 39 I 72 I 71 68 63 56 77 61 I 60 64 
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Average Relative Humidity 
TABLE NO.8. 
Of Incubators Of Room 
.5 
...., 
Inc ubator No ....,::s ~ P<uj Id ~ l id "'" ~ 
Q) ~~ "'" ~ ::g ~ : ~ "'" ('j ' ~ ~ : ~ ~ z. = ~ ~ ] 
3 .. .. ... ... .... .. ·IMay 6 ... / 0 I 51 I 53 I 52 1 52 I 45 I 43 I 40 I 43 
4 . ....... . . . .. .... 1 " 18 I 61 I 58 59 59 .. I .. 1 .. 1 .. 
5 ......... ... .. ... 1 " 1 9 I 55 1 57 54 55 .. 1 .. 1 .. 1 .. 
6 · · ··· ···· .. · .. · .. 1 " 1 0 1 48 I 48 47 1 48 .. I .. 1 .. 1 .. 7 . ... ....... . ..... " 18 53 I 54 51 53 . . .. 1 .. 1 .. 
8 . . . ..... . . . ... ... " . 9 49 49 49 49 1 .. 1 .. 1 .. 1 .. 
10 ... . ..... ... ..... IMay 14·.1 18152 I 54 151 1 521 50 1 45 1 42 1 46 
1 . .. . . ...... ... . . 'IMay 11..1 14 67 I 69 I 68 1 68 47 / 48 I 45 1 47 
2 .. .... . .......... " 1 13 1 57 1 60 I 58 1 58 I " .. 1 .. 1 .. 
12 ... .... . ... ..... . May 1... 7 1 69 I 71 72 71 1 .. 1 . . 1 . . . . 
13 ··· .... · .. ... .... 1 " 1 0 I 51 1 56 1 54 54 II .. 1 .. I . . . . 
1.258 ounces each, or 6 per cent. heayier than t~e maximum mois-
ture incubator chicks. The results of these weighings would indi-
cate that vigor in the chicks demands a greater amount of mois-
ture during incubation than the incubator, as at present made, 
can furnish. 
Moisture and Germ Development. 
Another point has . been brought out in our moisture test..;, 
The evidence is somewhat contradictory but our tests seem tc 
indicat~ that proper germ development cannot take place where 
the proper conditions of humidity do not exist. Our records 
show that a larger number of eggs were tested out of the dry 
machines as infertile or dead than out of the moist machines. 
See Tables Nos. 3 and 4. 
Evaporation of Eggs. 
To learn the rate of evaporation or loss of weight of eggs 
with different amounts of supplied moisture, weighings were 
made of eggs in each incubator every six days. In the experi-
ments reported in Bulletin 92 it was found that the loss was 
about 25 per cent. greater in incubators than under hens, tht: 
incubators in the tests reported in that bulletin being run with-
out moisture. It is plain that artificial incubation is faulty where 
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it does not more closely approach the conditions of natural in-
cubation. In this case the excessive evaporation is undoubtedly 
due to the dryness of the air in the incubators, because the drkr 
the air the more moisture . it will take from the egg, just as 
more water will be evaporated from a wet bulb thermometet 
in a dry room than in a humid one. In the weighings given in 
Table No.9 it will be seen that moisture put into the machine 
checks the evaporation. The more moisture that was put in th~ 
less the loss in weight. In the first two tests with incubators, 
2 to 8 inclusive, the average loss in 18 days was as follows: 
Maximum Moisture ... . ...... . ....... 12.28 per cent. 
Medium Moisture .................... 14.05 per cent. 
No Moisture ................... '.' .... 17.78 per cent. 
In machines Nos. 1 and 2! No.1 with maximum moisture 
111 addition to the moisture tank at the lamp, and No.2 maxi-
mum mo' sture, the loss was 12.2 per cent, for the former and 
13.20 for the latter. In machines Nos. 10 and 11, run upstairs, 
the loss was 12.41 for maximum moisture and 20.42 for no 
moisture. Incubators 12 and 13 with no moisture averaged 18.42 
per cent. loss, and with moisture, 14.22. 
Sand vs. Water. 
To show the difference in evaporation from a tray of sand 
and a tray of water, incubator No.6, set June 1, was provided 
with a tray of water instead of sand. The tray was the same as 
used in other machines. The loss in weight of eggs in this ma-
chine was 16.13 per cent. as against an average of 12.28 per cent. 
for the maximum moisture machines where sand was used. The 
sand is therefore more effective as an evaporating surface than 
water. 
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TABLE 0 9 
-
to- P e r Cent Loss in 
0 Weight of Eggs a> 
,...; 
..... 
- .-
Ul Ul (IJ 
+'- 0 >. In u.bator No. Q) ro ;>. >. Ul a.> +' ... ro ro Ul ~~ A A A >. ;:\+' 
I 
ro Q) OUl <0 <0 .., A +' S'o ro +' 
'0 '0 A ~~ Ul M 00 ,...; C'I ,...; 
2 ...... . ...... .. ... . ..... March 23 Max. 3.35 3.73 4.29 11.37 
4 ....... . . .. .. \ I None. \ 5.19 \ 6.10 18.28119.57 
~ :::: :::::::::::::::::::: I March 25 I ~~~: \1 ~ :~~ I, ~:~~ I ~:~~ I ~6:~~ 
5 ···. · ... · .. · .. · · ··.··· . . 1 " l o ne. 4.92 6.72 I 4.39 I 16.u3 
7 · ··· ···· ··· · ···· ··.····· 1 I Med. I 3.48 I 4.65 I 4.63 I 12.76 
12 .. ...... · .. · .. .. ........ 1 I None. I 5.05 I 6.76 I 5.83 I 17.14 
13 .... ...... .. ............ 1 I None. I 3.90 I 6.88 I 8.92 I 19.70 
3 .. .. ...... ........ .... .. 1 May 6 ... ·.1 None. 1 6.08 I 6.21 1 6.29 I 18.58 
4 · · · · ········· ··· ····· · · · 1 ' I Max. I 3.57 I 6.91 I 4.76 I 15.24 
5 ······ · ··· ·· ·· ·········· 1 I Med. 3.76 I 4.21 I 5.48 1 13.45 
6 ...... .. . . ... . ... . ..... . 1 I ne .. , 5.63 9.18 I 2.15 16.96 
7 .. ............... . ...... 1 I ax· 3.88 I 4.06 I 3.72 \ 11.66 
8 .... ... .. ... . . . ..... ... . I Med. 4.76 I 5.00 I 6.00 15.76 
1 .. .. .. . . .. .. ..... . .. .. .. fay 11 . · .. 1 Max. 3.77 I 3.90 I 4.54 I 12.21 
2 .. ........ . .... ......... " I Max. 3.80 4.35 5.05 I 13.20 
10 .. ......... ...... . ...... 1ay 14 .... 1 Max. 4.00 I 3.98 I 4.43 1 12.41 
11 . ..... ........ . .. .. . ... '. 1 ' I one. 1 6.23 I 6.40 I 7.79 20.42 
12 .... ........ .. . .. ....... 1 May 23 .. .. I None. 5.32 I 6.11 , 6.85 1 18.28 
13 .. ..... .... . . ..... .... . . . \ " I Med. 4.33 5.94 4.95 14.22 
3 .. . ........ ... ... .. ..... J pne 1 . . . . 1 Max. 3·99 4.27 I 8·41 I 16.67 
4 ····· ········ · ····· · · ··· 1 " I Max. 3.52 3.77 I 4.48 I 11.77 
5 .. ·., ............. .... ... 1 I Ma;x. 3.61 3.80 4.61 I 12.02 
6 ' .. . .. .. . ............ . . .. 1 I Wate,r* 5.21 I 5.21 1.5.71 \ 16·13 
7 ... .. ............ .. ..... , I M ax. I 4.76 5.03 ... . . . .. . 
8 ...... .................. I Max. I 4.49 I 5.40 I 5.50 I 15.39 
*Water wa - u. ed in t hi s machine instead of wet an d. 
, 
. TABLE NO. 10 . , 
'1 
Maximum Medium No M oisture MOisture M oisture 
5 a.> a.> Ul .... Ul .... Ul 
Set May 6, '07. ....... ~ <:~ I <:& ~ ~'O +,s.. ~ ~~ .~'O .S: '0 ~ Q) .~'O C'V . .s::Q) a.>Q) Q) .s::Q) a.> Q) Q)rit .s:: a.> a.> 
C)Ul C).s:: C).g C)Ul C).s:: C).s:: C)Ul C).s:: .c 
... bo 
C) C) C) 
>obo 
C) 
..... ....... s.. bo .~ s..+' o~ ~~ Q)bo o c<: ro Q)bo Z~ a.>ro o bo 
_ _ ~f::'l z p.,~ p.,r:<l p.,~ ril Z~ p..~ 
---
._._-- - --, 
Carbon . dIOxIde ·· ···· · · ······· 1 69 I 47 I 49 1 68 I 54 I 47 I 61 1 21 125 
o carbon dioxide .... ... ..... 1 72 53 1 51 66 62 I 67 I 66 36 39 
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CARBON DIOXIDE EXPERIMENTS. 
T he results of carbonic acid , gas determinations, made by 
the Chemical department and reported i~ Bulletin No. 92, 
seemed to clearly disprove the theory ' that th~ losses in incuba-
tion were largely due to an excessive accumulation of thl~ ga~', 
in incubators. In place of an excessive quantity of carbon diox· 
ide in the incubators it was found that there was about !1:llf CiS 
much in the incubators as under setting h~ns, the average re· 
suIts of a' great many deterrninations showing ~.68 pa~·ts by 
weight of carbon dioxide in 10,000 parts of air drawn from in-
cubators, while 43.63 parts were found under setting hens. 
To further confirm these results a gre,~.t many more det.er-
minations were made during the present season by the Chemical 
department by different methods. The reader is referred to 
anoth er part of this bulletin for an explanation of the methods 
used in making the determinations. The results of th:- li ter 
tests more than confirm those reported in Bulld~ n ~To. 92. 
Tables , o . 11 to 15 give the results of all the tests this season. , 
Table 11 gives the gfavimetric determinations of carbon diox-
ide and moisture for some of th e incubators used in the 1irst 
moistu're test which is detailed in Table No.3. It does not 
appear that the amount of carbon dioxide found in the machines 
~n this test bears any relation to th e number of chicks hatche(~. 
The detetminations made by the gravimetric method under set-
ting hens show a surprising amount of carhon dioxide, the aver-
age found being 141.1 parts in 10,000 parts of air. The volu-
metric method formerly used showed 43.63 , parts, as given in 
Bulletin 92. By the latter method the air is evidently drawn 
from under the hen faster than it can maintain a normal con-
dition , As it is, the vorumetric method shows double the, amount 
under setting hens than in inctJbators. The gravimetric method 
, shows practically seven times as much under ,hens as in incu- ' , 
bators. 
There seems to be no question from these resul~s that ,' the 
hen g ives off large quantities of carbon dioxide from her body. 
U nder a hen sittin g on chin a eO'gs there was as mU,ch ca'rbon 
diox ide as under a hen setting on good eggs (See Table No. 15) : 
show ing that the carbon diox ide, or much of it, does not com e 
222 BULLETIN NO. 10% 
from the chicks in the shell. This theory is confirmed by 
studying the determination made at different stages of incuba-
tion. Under the hen on china eggs there was no increase of 
carbon dioxide as the period of incubation progressed, while 
there is an increase where the hen sits on good eggs. This is 
more noticeable in the incubator than under hens, showing that 
the embryo chick gives off carbon dioxide, the amount increas-
ing as the chick develops. The results would apparently show 
that the carbon dioxide found in the incubators comes wholly 
from the chicks, while underneath the hens the larger portion 
of the gas comes from the hen herself. This indicates a vital 
difference in the conditions of artificial and natural incubation. 
To test the effect . of an artificial supply of carbon dioxide 
in incubation some experiments were made during the present 
season. The method of supplying it is explained by Dr. Yoder 
in .subsequent pages. Six incubators were used in the first test. 
namely, incubators 3 to 8 inclusive. Nos. 3 and 6 were run with·· 
out moisture, 4 and 7 with maximum moisture, and 5 and 8 me-
dium moisture. Carbon dioxide was supplied to Nos. 3, 4 and 
5 in equal amount. ....The amount added was small, not nearly 
equaling the amount found under hens. The results are s'hown 
in Table No. 10. It would seem from this test that the effect of 
the additional carbon dioxide was to slightly injure the hatch. 
This is more noticeable in the "no moisture" machine than in 
the wet machines. 
A later test was made in which the conditions of moisture 
were the same in all three machines but with differen t amounts 
of carbon dioxide. The maximum amount of moisture was fur-
nished all machines. No. 3 had a minimum amount of carbotl 
dioxide, or 24.5 parts; No.4 a medium amount, or 47.2, and No. 
5 a maximum amount or 84.9 parts, by the volumetric method. 
The results show that No. 3 machine hatched 71 per cent. 
of the fertile eggs. No.4, 64 per cent.; and No.5, 51 per cent., 
the hatch decreasing apparently as the carbon dioxide was in-
creased. While in one case the amount of carbon dioxide was 
increased about four times with apparently injurious effects on 
the hatch, the amount was still much less than was found under 
hens. 
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T hese apparently contradictory results are hard to explain. 
F urther investigation is needed before the real function of car-
bonic acid gas in incubation is determined. Our investigations 
have shown large quantities of carbon · dioxide in natural incu-
bation and relatively small amounts in artificial incubation , but 
in creasing artifi cially the supply of carbon dioxide seems rather 
to have an injurious effect in artificial incubation. 
M r. John H. Hopkins, foreman of the Poultry departmem , 
was the attendant in charge of the incubators throughout the 
experiments. He had also general oversight of all the work of 
th e department during this period and credit is due him for hie:; 
faithful and painstaking labor. 
Gravim et r ic determinations of ca rbon dioxide and mois ture III aIr 
Per~od. 
T ncub~to r and Room.-First Incubation 
TABLE NO. 11. 
co 
C"I 
o 
M 
Date .......... . ... .. . .. . . . 
M 
M 
M 
M 
~ ~ :::: ~ ::: :::: ::: :::: 
M M M M M M M M 
t\l t\l 0. 0. 0. 0. 0. 0. ~ ~ <Ij <Ij <Ij <Ij <Ij <Ij 
Day of Incubation Period .. . . . 3 1 5 1 7 1 12 1 15 ' 1 19 1 20 1 22 II 
Incubator No. 5- D ry .......... . . 
Incubator No. 7-Med. moisture . . 
T ncubator No. 3-Max. moisture . . 
T ncnbator Room . ............. . . . 
Carbon dioxide..... . ... I 10.3 I 15.0 I 18.6 I 21 .4 J 38.1 I 58.2 I 58.6 II 
Moisture,' .. ,' . . ... , 91.5 \ 91.0 I 89.8 1102.4 I 94.5 I 97.9 I 102.0 I 104.3 II 
Carbon dlOxlde . ... . 17:3 13.2 I 14.0 1 18.2120.3 40.1 51.7 lost 
Moisture ........ . . .. .. I .... 1 .. .. .... . ' " . ... 288.9 213.2 
Carbon dioxide... . . 29.6 I 16. 5 1 14.6 15.2 21.2 40.0 50.1 lost 
Carbon dioxide... .. I 8.0 1 10.5 13.4' 13.3 lost 13.1 19.4 Moistllre .... . . ... . I .... I .... 1 . . .. 1 .. . . 266.2 325.2 
_ ___________ ----.:...,-=-M~o=__is.:....:t_=_tlr e~._. _ .. _._. _ .. _. __.!. ~. -::..... _. -.!......160.6 ~.O 63.7 63.7 65.5 1 83.1 ~
Remark.-All determinations in Tabl es 11 to 14 are exp ressed in parts per 10.000 by weight. 
Aver. 
31.4 
96.7 
25.0 
251 .0 
26.8 
295.7 
12.9 
67.7 
Gravimetric determinati ons of carbon d ioxide and moisture determination f rom I ncubator No. 13.-First In 
cubation Period. 
0 .t:: 
M M +' a M 
M M <0 Date ••• .o . .... .. . ... .. .... . £ .-! 
CJ ..... 
>- 'r:: 'r:: M 'r:: 'r:: :... -r:: t\l 0. 0. 0. 0. 0. 0. 0. ~ < <Ij <Ij ~ < < < 
Day of Incubation P eriod ... . '11 3 1 5 1 7 1 9 I 13 I 15 I 17 20 II Aver. 
r ncubat or No. 13- Dry ........... \ Ca rbon rlioxide. ... . 10.5 1 12.5 I 16. 1 116.3 1 26.6 I lost I 69.0 I 75.3 II 32·3 
Moist llre . .. .. . ... . 120.2 I 93.7 1112.7 106.1 1108.0 104.3 121.9 117.4 110.5 
'''' ~
.~ 
to q 
t"' 
t"' 
t.:rj 
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Gravimetri c and volumetric determinati on of carbon di oxide and gravimetric determination of moistttre-i n al r 
of Incubato r and Rooll1 .- Second Incubation Period. 
TABLE NO. 12. 
Date .. . .. .. ........ ..... . . '" <D 0 '" lC') Cl> M M C'I C'I C'I 
» ;>. » » » ;>, 
c;j ell ell c;j c;j c;j 
~ ~ ~ ~ ~ ~ 
Day of Incubation Period ..... . II 4 I 8 I 1.1 I 15 I 18 I 20 " 
fll Cttbator No. 8-Med. moisture .. 
Carbon dioxide..... Grav. " 6.3 I 13.6 1 17.0 I 22.3 1 43 5*1 24·8 1/ 
r . b' t . N 6 D ' I . Vol. " 6.3 I 10.3 I 10·7 18.7 I 19.8 1 23.4 I 
nctt a 0 1 o. - ry..... .. .... Moisture ... ....... ., '.' .. " 83.9 1 1184 89.4 I 93.3 I 96.9 96.8 " 
Carbon dioxide.... . Grav ." 9.3 8.0 I 5.8 I 30·8 1 29.6 I 29.3 " 
Vol. " 6.6 I 10.1 1 9.7 I 21·6 I 28.0 I 29.9 " 
Moisture . .... ' .' . .. . ..... 11 198.7 / 176.0 I 146.4 I 115.1 1 193.9 I 157.4 II 
1 . b t . N 7 MM' t I Carbon dioxide ..... Grav. " 6.2 8.5 I 15.6 / 21.0 31.8 I 33.7 " nett a 01 o. - ax. 01S ure. . Vol. " 6.5 I 10.4 1 10.6 21.3 24.0 I 28.7 " 
..... . " 274.4 I 489.2*1 241·8 I 298.8 I 295.0 I 298.2 " . 
Grav. " 6.4 I 16.2 I 18.5 I 33.61 35.0 53.0 " 
Vol. " 8:3 1 14.4 16.4 1 28.6 27.4 I 38.2 " 
Moisture .. ... . .... . .. . .. " 185.3 I 234.3 I 183·3 I 201.8 244.4 1 212.9 " 
Moisture .. .... .. . . 
Incubator No. 5-M.ed. carbon I Carbon dioxide .... ~ 
dioxide and moisture .... ... ... . 
Carbon dioxide ..... Grav ." 13.3 I 16.7 I 1.1*1 6.5 / 11.9111.7 II 
r ncubator room .. .. . . ... .... .... . I Vol. " 9.9 I 8.9 I 7.4 I 9.5 6.1 9.5 I 
Moisture .......... . ..... " 43.9 I 62.5 I 56·2 I 68.5 I 66.9 70.6" 
*Not includ ed in average because of being evidently abnormal. 
Ave r. 
1 6.~ 
14.9 
96.4 
18.8 
17.7 
164.6 
19.5 
16.9 
241.6 
27.1 
22.2 
210.3 
12.0 
8.6 
61.4 
Remarks.-Commencing with May 16th, the sample s from the incubator room were taken from near the 
opening to the incubator lamp where the air enters the incubator. Previol1s to this they were taken from below 
the incubato rs about two feet above the floor. 
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Volumetric determination of carbon dioxide in Incu bators.-Second Incubation Period. 
Date 
M 
M <&J M 
o 
C<l 
;>. i--. ;>- ;>. 
~ ~ ~ ~ 
:g ~ ::?l ~ 
M LO 
C<l C<l 
;>. ;>. 
~ ~ 
~ ~ 
Day of Incubation Period.-IncubatorsNos. 13 and It.-~lr-lb----I4.-----f-7---21 II Aver. 
Incubator No. 13.-Dry: ...... .. ...... .. . ~~-:-:--.-.-.-. -:-:-::--'--'-'-1'-- 9.0 22.6 -29.:3-1- 41.7 II 25.6 
Incubator No. 12.-MOlsture . . .. .. . ..... ... .......... . .. , 13.7 24.8 44.3 48·8 , 32.9 
Day of Incubation Period.-Incubators Nos. 3 and 4 .. 11 4 8 11 I 15 18 25 \I 
Incubator No·. 3.-Dry-Carbon dioxide ....... ... ........ '11 7.3 13.4 15.8 I 32.1 26.5 28.6 II 20.6 
Incubator No. 4.-Max. moisture and carbon dioxide .... I 6.6 14.4 16.0 33.8 33.9 38.6 23.9 
Volumetric determinations of carbon dioxide in each Incubator, except No.6, having 
and No.6 ·having water in pan without sand incubators.-Third Incubation Period. 
Date 
Date of incubation period . . .... .. .... 11 
Incubator No.6 .......... . ... : . . : .... . .. '1 1 
Incubator No. 8.-No carbon dIOxIde .. . ... I 
Incubator No. 3.-Min. carbon dioxide . . ... 11 
I nc:ubator No. 4.-Med. carbon dioxide . .. 1 
Incubator No.5-Max. carbon diovide . .... 11 
M 
Q) 
!=: 
;:l 
~ 
3 
15.1 
25.1 
27.9 
LO 
Q) 
!=: 
;:l 
~ 
5 
7.0 
7.7 
15.4 
45.9 
88.9 
Q) 
!=: 
;:l 
~ 
7 
9.9 
8.7 
16.3 
42.3 
90.7 
o 
M 
Q) 
!=: 
;:l 
~ 
10 
12.4 
11.8 
20.1 
46.0 
98.5 
IN 
M 
Q) 
!=: 
;:l 
~ 
12 
12.8 
11.4 
21.7 
45:7 
89.3 
LO 
M 
Q) 
!=: 
;:l 
~ 
15 
15.0 
10.8 
22.8 
39.8 
77.7 
water in pan with sand 
00 
M 
Q) 
!=: 
;:l 
~ 
18 
21.2 
23.2 
40.4 
56.1 
86.1 
M 
C<l 
Q) 
!=: 
;:l 
~ 
21 
35.2 
40.6 
44.6 
77.0 
120.1 
\I Aver. 
II 16.2 
II 16.3 
II 
24.5 
47.2 
I 84.9 
Remark.-On m orning of June 5 a considerably fast er current of carbon dioxide was turned into incubators 
Nos. 4and 5, and also a slightly faster current into No.3 . 
Table No. 13-Volumetric determinations of carbon dioxide in incubators 12 and 13: third incubation period. 
1 
Date ... ...... .. . .. . .. . .... . . ... . . . . . ...... . . 1 
LO 
C<l 
;>. 
~ 
~ I 
Day of incubation period .. . ... . . . . : . . . .. . . . . . ..... 11 3 
Incubator No. 12- Dry .. ... . ... . . .. . . . .. ..... . . .. II 13.7 
Incubator No. 13- Moisture ... ·...... . . . . . . .. . .. .. . 12.1 
00 
C<l 
;>. 
~ 
~ 
6 
12.4 
8.4 
M 
.., 
;>. 
~ 
~ 
9 
17.7 
IS.] 
M 
Q) 
!=: 
;:l 
~ 
12 
22.3 
17.0 
~ 
Q) 
!=: 
;:l 
~ 
14 
32.8 
25.3 
co 
Q) 
!=: 
;:l 
~ 
17 
51.1 
43.8 
M 
M 
Q) 
!=: 
;:l 
~ 
20 II Aver. 
46.3 II 28.0 
56.6 25.5 
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Table No. 14-Gravimetric determination of carbon di ox ide and moisture in air from under hens, taking each 
sample from 9 nests. 
Date .... .... . .... ..... .. . .. . ..... . .. .. .... .. ... ... . ~ I ,..... M :>. (I) c cQ ::I ::g ~ 
Day of Jncubation. 4 7 12 
178.6 1 235.2 1 81 .2 
93.8 88.2 111 . 1 
Carbon Dioxide ......... . . .. .. ...... ......... -. .. .. ..... . 
Moisture .. .. ........ ... . ... .. ... .... ..... ..... . . . . .... . 
Table No. IS- Volumetric determination of carbon diox ide in air from under hen s. 
Date . . ... . ........ . ............ . ..... .. .... 1 co 
I 
,..... 
I 
C<I 
M 
:>. :>. 
(I) (I) (I) 
cQ cQ C C C 
::g ::g ;:l ;:l ::I ...., ...., ~ 
Day of incubation ......... . ..... .. . .... ...... 1 4 7 12 14 17 
One hen on china eggs ' . . .. ... .. ... . .. . ......... 31.3 43.1 50.6 34.1 34 .7 
Sample from 1 nest . . .. .. . ......... . . . . . ....... . 33.5 24.4 60.6 33.4 40 . 1 
Sample from 1 nest ... ..... .. .. .. , . .. . ... ;, . ... . 40 .3 69 .9 
49.5 46 .8 
Sample from 3 nests . ......... ...... ..... .. . . .. 54.3 90 .3 
Sample from 4 nests .... . ...... ... ... . . ..... . . ...... . • 0 •••• • . . ..... I· ...... 
(I) 
C 
::I 
~ 
o 
,..... 
(I) 
C 
::I 
~ 
C<I 
,..... 
(I) 
C 
::I 
~ 
14 I 17 I 19 I Aver 
76.1 1169.0 1 106.8\141.1 
99 . 1 130 .2 87.0 101.6 
,..... M 
'<to 
,..... ,..... ,..... 
(I) (I) (I) 
C C C 
:::; ;:l ;:l 
~ ~ ...., 
19 1 Aver 
55.1 33.2 40.3 
47.3 45.6 40.7 
55 . 1 
85.9 
100.3 70.6 71.1 
43.3 74.5 99.1 72 .3 
"d 
o q 
t'" 
t-:l 
~ 
~ 
trJ 
~ 
"d 
trJ 
~ 
I-t 
~ 
trJ 
Z 
t-:l 
r.n 
toe 
NI 
.... 
Table N o. 16- Comparin g the relative humidity .as calculated fr om th e gravim etri c determinati ons of th e m ois-
tu re as reported in Table N o. - , with the relative humid; ty as record ed from wet and dry bulb th ermom eter read -
ings. 
Date .. . .. . ............. . . . ... . . . . . .. .. .. . . . .... .... .. II ..., <D 0 ..., 1.0 M M C'I C'I C'I 
>. » » » » » II ro ro ct ro ro ro ~ ~ .. ~ ~ ~ ~ r-; 
D ay o f incubati on . .... . .......... . . .. . . . . . .. . . . ...... . 11 4 8 11 15 I 18 20 II Aver. 
Tn cubator. No. 6 I From g ravimetric determinatiol15 . . · .... 1/ 13.7 19.2 14.6 15.2 
1 
15.8 15.7 15.7 
Dry I From wet and dry bulb . . ... ' . .. . . . . . . . / 50.5 51.0 53.5 41.0 43.0 42.0 46.8 
Tncubato r No. 8 I From g ravim etric det ermination s .. .... I 31.8 28.3 23.6 18.7 31.1 25.4 26.5 
M eel. m oisture I From wet and dry bulb . .... . . . ....... /1 53.0 50.0 45.5 46.0 I 44.0 66.5 47.5 
Tncubator N o. 7 I From gravimetric determinations"" , 'I 43.3 38.5 47.1 I 46.6 47.0 44.5 
Max. m oisture I From wet and dry bulb ... . . ........ . ' 1 60.0 50.0 54.5 48.0 I 49.0 49.5 52.5 
Incubator No.5 I From g ravim etr ic determinations . .. ',' . 29.7 37.3 29.4 32.3 I 38.9 34.0 33 . 
Med. moisture I 
From we t and dry bulb .... . . . ... . . . ... /1 58.0 . / 4is and carbo diox . I 59.5 61.0 47.5 54.7 
I ncu bator room I From gravim etric determinati ons .... . /1 22.3 46.3 26.8 32.0 I 46.0 45 .7 36.5 
Incubator room I F rom wet and dry bulb .. . . ... . . . .. . .' . . I 29.5 45.5 40.5 36.0 I 68.0 47.0 44.1 
Remark.- The relative humiditi es here record ed are ave rage of th e noon and evening readin gs of the respec tive 
da ys (See Tabl e 12) , the gravim etri c determinati ons havin g been m ade during th e m iddle of th e afternoon: 
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METHODS OF ANALYSIS AND TESTS USED 
BY THE CHEMISTS. 
By P. A. Yoder. 
In some of the tests reported in Bulletin No. 92 of thi.s 
Experiment Statiqn, to gain evidence as to how the air in the 
incubators compared with that under the hen (pp. 191 , to 187. 
Bulletin No. 92) , it was shown that the fact that eggs 'hatch 
less well in the incubator than under the hen is not due to , an 
excessive amount of carbonic dioxide in the incubator, thi! 
amount being less in the incubator than under the hen. Those 
tests also raised the question as to whether the c~rbon dioxide 
was not actually beneficial. The work reported in the same 
bulletin on the loss of weight in the eggs ', during incubation 
tl1ider different conditions as to moisture, also left a considerable 
uncertainty as to the influence of much and litt1~ moisture in 
the incubator air. It seemed, therefore, desirable that this 
investi o-ation on carbon dioxide and moisture in incubation be 
continued and extended. In this ,the chemical department again 
co-operated with the poultry department in conducting some 
experiments in incubation in some of which there was supplied 
to the incubator not only water, but also carbon dioxide. These 
tests were in most cases accompanied by analyses of the samples 
of the air from the incubators and from ' under hens set at th .... : 
same time from the same lot of eggs, for comparison. 
It does not seem desirable to discuss these laboratory data 
separate from the poultry hou e data" therefore, the results of 
these laboratory 'tests have been turned over to the , poultryman 
to discuss in connection with the discussion of the other features 
in the incubation tests, It remains, however, for us to describe 
the methods used in making these chemical ot:' laboratory tests. 
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Supplying Carbon Dioxide Artificially. 
In the summer of 1905, while this Station was without a 
head of the Poultry Department, it was decided by the che~ist.., 
to conduct some incubation tests in which carbon dioxide is 
artificially supplied. After some preliminary tests in the labora-
tory at generating a continuous slow current. of carbon dioxide 
by the action of acid on inarble in various forms of apparatus, 
this means of supplying it was given up, and a bomb of liquifiej 
carbon dioxide, such as is used to charge soda water fountain:; 
was secured and used to supply a slow current into the incu-
bators. It was found that the temperature in the incubation 
cellar was sufficiently uniform, and consequently also the pressure 
of the carbon dioxide gas in the bomb so that we could, by 
regulating the outlet and giving it occasional attention , secur~ 
a fairly · uniform flow. In most cases we did not attempt to 
measure the amount supplied. The gas was conducted through 
glass and rubber tubing to the several incubators to which we 
wished to supply carbon dioxide. In each branch was inter-
posed a water bottle (C Fig. 7) so that the bubbles could be 
counted while regulating the flow through that branch by means 
of a glass stop-cock. A similar arrangement for supplying car-
bon dioxide is being used during this season (spring of 1907) , 
but we are also making analyses of the air mixture resulting 
in th.e incubators to compare with that from other incubators 
and from hens to which no carbon dioxide is artificially supplied. 
It would probably not be out of place here to di scuss briefly 
the nature and sources of carbon dioxide for the benefit of those 
readers who are not familiar with those facts of elementar~T 
~h emistry and physiology. 
Carbon dioxide, also called "carbonic acid gas," or mor,~ 
briefly but less correctly "carbonic acid," is a product resultin~ 
from the combustion of carbon, or carbon containing material. 
In this combustion the carbon unites with 2 2-3 times its weight 
of oxygen which is ordinarily supplied by the air. Charcoal 
is almost pure carbon and upon burning- i converted almost 
wholly to carbon dioxide. Coal , kerosene, wood. fats. grains, 
etc. : all have carbon as one of their main constituents. These 
in burning yield also carbon dioxide but along- with it other 
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products, principally water. This combustion or burning may 
be rapid as in the case of a fire or it may be slower and accom-
panied by but a small rise in temperature as in the case of 
decay and in the case of the living processes within the living 
body. Whether rapid or slow, a product is always carbon diox-
ide. This carbon dioxide formed in the animal body is for the 
main part gotten rid of by being exhaled through the lungs 
whither the blood carries it from the various tissues of the 
body in which it is formed. Part of it, however, leaves the .body 
by diffusing through the skin. It thus happens that under the 
setting hen there may be more carbon dioxide than in the 
surrounding air, due to the hen giving it off from her body. 
Not only must this combustion of organic matter go on in the 
hatched chick or the mature fowl to keep up the living processes, 
but like wise 'in the unhatched chick or the embryo, the less 
rapidly, the smaller the embryo or the less extensive the living 
activ,ities of the developing chick. The egg shall, though appar-
ently forming an imper.meable wall, is not so closely constructed 
but that this gas and also water vap'or and other gaseous .sub-
stances can diffuse through. This accounts also in part for the 
higher percentage of carbon dioxide in the incubator than in 
the outside air · (provided, of course, that the lamp fumes do not 
get into the incubator.) Assuming equally good ventilation, 
i. e., equally frequent changes of air under the hen and in the 
incubator, and assuming also the volume of air enclosed in the 
two cases proportional to the numb~r of eggs, then we shoulci 
expect to find a higher per cent. of carbon dioxide in the air 
under the hen than in that in the incubator. As will be seen 
in another part of this bulletin, it actually is higher under the 
hen than in the incubator when none is artificially supplied. 
That the hen actually does give off carbon dioxide to her nests 
is shown in Table No. 14. Under the hen setting on china eggs 
on a nest of dry wood shavings we found a high amount of car-
bon dioxide, in fact nearly as high as under the hens setting on 
eggs. If, instead of taking the sample of one liter wholly from 
one nest, we had taken it from three or four such nests, taking 
only 1/3 or ;4 liter from each nest, we would doubtless have got 
a much higher amount of carbon dioxide. Such was the cas?, 
as seen in the same table, with nests set with good eggs. The 
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carbon dioxide in normal air is only about 3 p.arts in 10,000 
and in the incubator room, a closed room with many incubator 
lamps burning, and their fumes imperfectly conducted from the 
room, it ranges from about 7 to 13 parts per 10,000. The nest 
with china eggs was in a dry, well ventilated room, yet in the 
. sample of air taken we found 40.3 parts of carbon dioxide in 
10,000. While the carbon dioxide, if present in a considerable 
quantity in the air we breathe, can interfere with the giving off 
by the blood of its carbon dioxide in the lungs, and thus produce 
a feeling of oppression, the usual sickening effect of breathing 
foul air must probably be credited more largely than is popularly 
t~ought to be the case, to other substances which are given off 
to the air through the lungs and the skin in relatively very 
minute quantities. Applying these conclusions to the hatching 
chicks, we may readily comprehend that even a relatively high 
p~r cent. of carbon dioxide, if pure, may not interfere with the 
success of the hatch, and that, though this be so, there may still 
be occasion for good ventilation to carry off these other more 
obn.oxious gases. This certainly is a question that needs inves-
tigation. The reader is , referred to another part of this bulletin 
(p. 222) to see what indications can be gathered from the tests 
here reported. 
(On the question of the rapidity of the change of the air in 
the incubator and under the hen, some very interesting work 
was done at the Experiment Station at Guelph, Canada, by ,Prof. 
Day, and reported in the Poultry Review, May, 1907, published 
at Toronto.) 
It will also be s,een from the foregoing that a number of oil 
lamps burning in a small, poorly ventilated incubator room, may 
seriously vitiate the air by supplying excessively carbon di .. 
oxide by reducing the amount of oxygen and by contaminating 
the air with the more injurious products of incomplete com-
bustion. The arrangement with flues leading from the lamps to 
the outside of the room, which we this year introduced (Fig. 4) 
will largely overcome this difficulty. 
Carbon dioxide may be got from several sources to liquify 
for commercial purposes. In some localities springs are found 
or wells are bored .which give out almost pure carbon dioxide 
under pressure, or water heavily charged with carbon dioxide. 
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\ hen a good quality of limestone is burnt with coke, almost 
pure carbon dioxide mixed with nitrogen of the air is given off. 
In the fermentation of sugar solution in the manufacture of 
alcohol or alcoholic . drinks, large quantities of carbon dioxide 
are given off. From anyone of these sources it can readily be 
purified if that is necessary, and by means of a suitable pressure 
pump, liquified. It need not be very expensive. 
Carbon dioxide is a considerably heavier gas than air and 
will, therefore, so long as it is not mixed with the air, tend to 
settle below the air. When it once gets mixed with the ' air in 
the same enclosure either by currents 'or through diffusion, 'it 
tends to stay uniformly mixed. Air laden with much carbon 
dioxide likewise tends to settle down. Ordinarily the currents 
of air and free diffusion in an incubator will keep the carbon 
dioxide uniformly distributed throughout the chamber. This 
conclusion is supported by results published in Bulletin No. 92 
of this Station. The determinations made in different incubators 
showed no regularity in the carbon dioxide being higher in one 
part than in another. 
Determination of the Carbon Dioxide in Air Samples. 
In the analyses reported in Bulletin No. 92, the carbon 
dioxide was in each case determined by the method of Petten-
kofer (See Hempel's Gas Analyses, p. 336). Samples of 300 cc. 
in each case were taken from the incubator or from under a . 
hen in a flask of that capacity by first filling the flask with di'3-
tilled water of room temperature, then connecting it through 
one hole of a two-holed rubber stopper with a glass or rubber 
tube leading to the inside of the incubator or to the space 
among the eggs under the hen. Through a tube of about 3 mm 
inside diameter, passing through the other hole in the stopper, 
the water is poured out while air rushes in from the incubator 
or from under the hen. The flask thus filled with a sample of 
air is taken to t!:e laboratory where an accurately measured 
volume of dilute barium hydroxide solution of known strength 
.is added to absorb the carbon diox~de which neutralizes part of 
the alkaline barium hydroxide solution. The amount of this 
solution left ul1neutralized is theri determined by adding from 
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a measuring burette, oxa"lic acid olution of standard strength 
(such strength that Icc neutralizes O.lmg of carbon dioxide. ) 
A very little of phenolphtalein in the barium hydroxide solution 
used shows, by the discharge of its color, when the point of 
exact neutrality is reached. By carefully avoiding during these 
operations an "admixture of outside air wjth that in the flask, 
quite accurate results can be obtained. This same ~·nethod was 
used in some of the determinations during the spring of 1907, 
but instead of "using 300cc. samples of air, we used about 1 liter 
for each sam pIe. 
In taking a sample from under the hen it was found that 
to take a whole liter from one nest we draw in outside air faster 
than it can become normally charged with carbon dioxide, and 
the results are too low. In Table No.8 we see that by taking 
it from three or four nests, we get much higher results. 
During the season of 1907 it was found convenient to make 
gravimetric determination~ of carbon dioxide {n connection with 
the moisture determinations which we shall discuss farther on. 
In the gravimetric method for determining the carbon diox-
ide and the moisture, about ten liters of the air to be analyzed 
was slowly drawn first through a tube (aa Figs. 5 and 6) filled 
with anhydrous calcium chloride, which will absorb any moisture 
that may be in the air. The same current of air is next made 
to bubble through bulbs of potassium hydroxide solution (bb, 
Figs. 5 and 6) which completely absorbs the carbon dioxide. 
The speed with which the air was drawn through this apparatus 
was such that the bubbles could readily be counted, requiring 
from four to five hours to draw out 10 liters. In the case of 
the incubators to which moisture was supplied, difficulties were 
experienced in the start in preventing water from condensing 
in the delivery tube after leaving the warm incubator and before 
it reached the weighed absorption tube. This was finally over-
come by placing an alcohol lamp under the tubing outside the 
incubator in such a way that the hot gases from the lamp drew 
along the delivery tube and kept it sufficiently warm to prevent 
condensation. This accounts for no moisture determinations 
being recorded in Table No. 11 for two of the incubators until 
near the end of the hatching period. 
POULTR Y EXPERIMENTS 235 
The calcium chloride tube and the potash bulbs were each 
weighed 'before and again after drawing this air through, 'and 
by the increase in weight the amount of moisture and of carbon 
dioxide respectively were ascertained, The results were ,cal-
culated to the basis of normal temperature and pres ure and 
are in the tables expressed in parts by weight per 10,000, In 
taking samples from under hens for' this determinatiot;l , it w~s 
thought that the rate o(drawing out the sample might be suffi-
ciently rapid as to disturb the normal composition of the air 
'under the , hen, We therefore took one ample of 6.6 liters from ' 
nnder nine hen , taking less than a liter from each nest. 
The results on the moisture from the tests of air from the 
nests are unexpectedly low, and we would urge thaf the tests 
be repeated before any conclusions are based upon these results. 
Determination of Moisture in Incubator Air. 
It was decided in the season of 1907, in the experiments oa 
moisture, not only to supply different amounts in different in· 
cubators and determine the loss of weight of the eggs as was 
done in previous years, but also to make moisture determina-
tions of the air of these different incubators. Under the discus-
sion of the carbon dioxide determination above, the gravimetrL: 
method of determining the moisture is described. During the 
last two hatching periods we also made use of wet and dry 
bulb thermometers to determine the relative humidity. By 
relative humidity is meant the per cent. which the moisture 
present is of the total amount of moisture which would be 
required at that temperature for saturation. It i well known 
that the evaporation of water uses up heat, and leaves the object 
from which it evaporates colder. From thi cause, one ther-
mometer with its bulb kept wet, registers a lower temperature 
than another by its ide with the bulb left dry. The dryer th~ 
atmosphere the more rapid this evaporation becomes, hence 
the greater difference between the two thermometers. By these 
differences we have therefore a means of knowing th e relative 
humidity. A certain amount of moisture in cold air, e. g., that 
in the room, would be a higher relative humidity than the same 
amount in warmer air, e. g., that in incubators , since the warmer 
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requires more for saturation. This should be borne in minJ 
when comparing relative humidities of room air with incubator 
air. 
The readings of the wet bulb were made without whirling 
or fanning the thermometers, giving tqo high a reading of the 
wet bulb, therefore too high a relative humidity. The readings 
were converted to relative ~umidity per cents. by references to 
the Psychrometric Tables published by the Weather Burea11 
of the United States Department of Agriculture. In Table No. 16 
of this bulletin, are the results of moisture determinations by 
analytical methods computed into terms of relative humidity 
and placed parallel with the relative humidity as got by the 
wet and dry bulb method. As is to be expected, the latter ar~ 
too high. While the figures thus obtained are not the accurate 
relati~e humidities, still they are of value for relative results. 
With a few exceptions the increases and the decreases in the 
two sets of data of Table No. 16 run parallel. The observations 
were regularly made at mornings, noons, and evenings, by the 
Poultry Department, and the results are presented and discusser] 
by the poultryman in another part of this bulletin. 
In calculating the relative humidities from the parts by 
weight of moisture per 10,000, we uniformly assumed a tempera-
ture in the incubators of 103 degrees Fahrenheit (39.4 degrees C) 
a"nd a barometric pressure in incubators or room of 25.26 
inches (641.6mm) mercury. 
Number of Determinations Made. 
" During the season of 1907 chemical data were collected 
during three hatching periods. During the first period (March 
28th to April 13th) moisture and carbon dioxide determinations 
were made gravimetrically in air from four incubators and from 
the room. During the second period (May 9 to May 15) th e 
ame gravimetric determinations were made, and also samples 
of 1 liter each were taken from the same four incubators aIH~ 
from the room and from four other incubators and in them the 
carbon dioxide determined volumetrically by the method de-
scribed above. During this and the next incubation period the 
Poultry Department also had the wet and dry bulb thermometers 
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installed m each incubator and made three daily reaCllngs. 
During the third period ( May 25th " to June 21 st) one set of 
imilar determinations were made gravimetrically in air from 
under hens and the carbon dioxide was determined volumetric-
ally in samples from seven · incubators and in four sets from 
hens, viz., one from single nest with china eggs, one from single 
nest with good eggs, one from three nests and one from IOllr 
nests. 
The data collected in these determinations are all tabulated 
in Tables Nos. 11 to 15. 
Members of the Chemical Staff Assisting in the Work. 
After the general plans of the work were outlined, Assist<:tnt 
Chemist Robert Stewart elaborated the details for supplyin~ 
carbon dioxide to incubators during the season of 1905 and car-
ried out the work. During the season of 1907 Assistant Chemist 
George M. Turpin attended to the supplying of carbon dioxide 
to the incubators and made all the analyses of air samples and 
calculated and tabulated the results here recorded. 
To these .assistants belong the credit for arranging neat .and 
effective devices for delivering carbon dioxide to the incubator.:; 
requiring it, for arranging suitable apparatus to take the samples 
of air and for faithfully carrying on the work. 
